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Recommendations

Major Recommendations
A level of evidence rating (A-C) has been assigned specific recommendations and is defined at the end of the "Major Recommendations" field.
Citations in support of individual recommendations are identified in the original guideline document.

A. Assessment of Patients with Ulcers and Lower-Extremity Neuropathic Disease (LEND)
1. Prior to treatment, assess causative and contributive factors and significant signs and symptoms to differentiate types of lower-

extremity ulcers, which require varying treatment (see Algorithm in Appendix A of original guideline document).
2. Review health history to address risk factors for LEND (e.g., diabetes mellitus, hypothyroidism, alcoholism, smoking, vitamin

deficiencies, obesity, collagen and metabolic diseases, pernicious anemia, advanced age, neuromuscular diseases), wound and pain
history, and history of prescribed and self-prescribed medications. Level of Evidence = C

a. Assess pain characteristics: onset, duration, location, precipitating/alleviating factors and presence of altered sensitivity to
normally painless stimuli or an exaggerated response to painful stimuli. The description of neuropathic pain may be specific to
the disease state.

3. Review pertinent labs to identify risk markers for LEND.
a. Blood glucose levels (hemoglobin A1C [HgbA1c], fasting, 2 hour post prandial). Level of Evidence = A
b. Renal function: blood urea nitrogen (BUN), creatinine.
c. CD-4 and human immunodeficiency virus (HIV) viral loads.



d. C-reactive protein, erythrocyte sedimentation rate. Level of Evidence = A
e. Thyroid stimulating hormone. Level of Evidence = B
f. Vitamin B12 and D. Level of Evidence = B

4. Perform a comprehensive neurologic exam of the lower extremities.
a. Patients should be screened for distal symmetric polyneuropathy (DPN) at diagnosis and at least annually thereafter, using

simple clinical tests. Level of Evidence = C
5. Conduct a lower extremity and foot exam.

a. Perform an annual comprehensive foot examination to identify risk factors predictive of ulcers and amputations for all patients
with diabetes that includes inspection and assessment. Remove shoes and socks and examine feet, toes, and skin between
toes. Level of Evidence = C

b. Observe foot hygiene and evidence of self-care. Assess patient's routine foot care practices re: cleansing, moisturizing, self-
foot exam and shoe wear practices—both indoor and outdoor shoes. Assess patient's ability to see all aspects of the foot, as
well as to reach the foot. Level of Evidence = C

6. Observe skin appearance regarding color, quality, texture and turgor.
7. Observe for evidence of early skin and toenail related issues.

a. Assess for focal callus formation, particularly over bony prominences or foot deformities. Routine debridement of focal calluses
decreases plantar pressures. Level of Evidence = B

b. Assess for fissures, moisture related issues, abnormal toenail growth and appearance, lack of hair growth over toes, feet and
lower extremities, and presence of tinea pedis.

c. Assess for edema.
i. Correlate with co-morbid conditions such as heart failure, nephropathy, or venous insufficiency.
ii. Assess for location and type.
iii. Rule out neuropathic Charcot foot involvement for unilateral edema with bounding pulses.
iv. Obtain serial foot/leg measurement if edema is circumferential.

d. Assess for inflammation using an infrared dermal thermometer. A >2 °C increase of an affected site as compared with an
unaffected site is considered significant for inflammation.

e. Assess ulcer characteristics in consideration of shape, wound tissue, wound edges, periwound appearance, character and
amount of exudate, and location. Observe for diabetes skin markers.

i. Assess for ulcer complications: cellulitis, gangrene, and osteomyelitis.
ii. Use wound classification system such as the University of Texas, San Antonio system or Wagner system to describe

and document the wound. Level of Evidence = B
f. Determine the vascular status of the lower extremity using ankle brachial index (ABI) or toe brachial index (TBI).

i. Measure ABI to assess arterial blood flow in the lower extremities and determine level of ischemia: Normal >1.0,
lower-extremity arterial disease (LEAD) <0.9, borderline <0.6–0.8, severe ischemia <0.5, and critical ischemia <0.4.
The ABI can be elevated (>1.3) in individuals with diabetes, renal failure, or arthritis who have non-compressible
vessels due to calcification of the ankle arteries. Level of Evidence = C

ii. Measure toe pressures (TP) to determine a TBI for patients whose ABI is >1.3. A systolic TP <30 mmHg (<50 mmHg
in persons with diabetes) or TBI <0.6 indicates LEAD. Level of Evidence = C

iii. Assess tissue perfusion with transcutaneous oxygen measurement (TcPO2) if an ulcer is not healing and the ABI is <0.9,

TP <30 mmHg, if unable to perform an ABI or TP because of incompressible arteries at the ankle, or the patient has
had an amputation. A TcPO2 <40 mmHg is considered hypoxic and is associated with impaired wound healing. Level

of Evidence = C
8. Assess neurosensory status.

a. Perform an annual comprehensive foot examination to identify risk factors predictive of ulcers and amputations.
b. The foot examination should include inspection and testing for loss of protective sensation (LOPS) using the 10-g, Semmes-

Weinstein monofilament, plus testing any one of the following:
Measuring vibratory sensation using a 128-Hz tuning fork
Checking the vibration perception threshold with biothesiometer
Testing ankle reflexes with a percussion hammer Level of Evidence = C

9. Assess musculoskeletal/biomechanical status for any gross deformity and perform gait evaluation and muscle group strength testing.
a. Assess for joint limitation and inflexibility/rigidity using a goniometer.
b. Assess for presence of foot deformities such as hammer or claw toes, prominent metatarsal heads, mid or hind foot deformity

(may be indicative of Charcot foot).
10. Assess patient's shoes.



a. Assess general shoe condition, wear patterns of shoe soles and heels, bottoming out of insoles, condition of the shoe lining and
patient's use of socks, insoles and orthoses.

b. Assess if the fit, design and shape of the shoe is appropriate for the patient's foot.

B. Interventions for Patients with LEND and Ulcers
1. Recommend patients with LEND and ulcers seek care guided by a clinical wound expert. Level of Evidence = C
2. Relate treatments to adequacy of perfusion status in caring for patients with LEND (see Table 7, Treatments related to perfusion, in

the original guideline document).
3. Cleanse the ulcer at each dressing change while minimizing trauma to the ulcer and surrounding skin. Tap water, boiled and cooled,

distilled, or saline is recommended for cleansing wounds. Level of Evidence = B
4. Avoid using cleansing products or solutions that are intended for use on intact skin within the wound bed. Level of Evidence = C
5. Debridement

a. Debride avascular tissue in the neuropathic ulcer after adequate perfusion has been established. Debridement is usually painless
due to neuropathy.

b. Selection of the methods for debridement should be determined by the condition of the wound, presence or absence of
infection, biofilms, amount of necrotic tissue, vascularity of wound, and anticoagulation medications.

c. Consider hydrogels, which may be an effective method of debridement as compared to gauze dressings in a small number of
limited studies. Level of Evidence = A

d. Maintain dry, stable eschar on noninfected, ischemic, neuropathic wounds. Level of Evidence = C
6. Offloading

a. Identify sites of high pressure as evidenced by increased temperature, callus, and/or wound and offload the site/sites with
proper shoes or pedorthic devices to remove and redistribute pressure over entire foot surface.

b. Refer patients with gait abnormality to a qualified pedorthic professional (C-Ped) for shoe or device customization.
c. Use dermal temperature monitoring to progress patients from offloading devices to customized shoes.
d. Provide offloading through all phases of neuropathic foot and wound management, including and after remodeling, if foot

deformity is present.
7. Topical treatment

a. Select dressings according to accepted wound care principles, ulcer characteristics, goals for healing, patient and caregiver
needs, costs and ease of use.

b. Select moisture-retentive dressings for acute and chronic wounds, including neuropathic wounds (both partial and full thickness
wounds). Level of Evidence = B

8. Infection
a. Recognize and treat infection. Clinical signs of infection may be subtle due to reduced blood flow or absence of sensation in the

neuropathic foot.
Seek aggressive intervention for infections characterized by deep abscess, extensive bone or joint involvement, crepitus,
substantial necrosis, gangrene or necrotizing fasciitis.
Consider lab markers that may indicate infection or osteomyelitis and may include complete blood count (CBC),
procalcitonin, C-reactive protein, and blood glucose. Level of Evidence = B

b. Beware of interpreting a microbiology report in isolation, and consider the report in the setting of the patient and the wound,
and if appropriate, consult a microbiologist or infectious disease specialist.

c. Utilize plain radiographs for patients with an uncomplicated diabetic foot ulcer. Level of Evidence = B
d. Consider a quantitative swab cultures for chronic wounds, utilizing the Levine Technique. Level of Evidence = B

9. Antibiotics
a. Refer patients with deep tissue infections and cellulitis for systemic treatment approaches. Consider oral antibiotics that are

effective for gram positive organisms for mild infections. Level of Evidence = B
b. Provide optimal wound care in addition to appropriate antibiotic treatment of infection to enhance healing of infected

neuropathic wounds.
10. Osteomyelitis

a. Refer the patient for further evaluation if infection is suspected, such as when there is a positive probe to the bone, or
radiographic changes demonstrate Charcot osteoarthropathy.

11. Treat fungal infections
a. Dry feet well after bathing, especially between toes.
b. Apply an antifungal powder or cream (e.g., miconazole 2% powder) to the feet daily to decrease risk of fungal infection until

symptoms are gone.
c. Utilize toe spacers to prevent interdigital crowding and maceration. Level of Evidence = C



12. Topical antiseptics and antimicrobials
a. Institute a short course of a topical antimicrobial agent along with careful daily monitoring of the neuropathic ulcer for signs of

infection. Level of Evidence = B
13. Nutrition

a. Target nutritional therapy to achieve a hemoglobin A1c level of less than 7% to reduce the risk of microvascular complications
from diabetes, including neuropathy. Level of Evidence = B

14. Micronutrients
a. Consider use of α-lipoic acid which may improve clinical symptoms and neurological deficits of peripheral neuropathy. Level of

Evidence = A
b. Consider use of vitamin B12 which may prevent peripheral neuropathic symptoms.
c. Monitory for vitamin D deficiency which has been reported in patients with peripheral neuropathy symptoms. Level of

Evidence = C
15. Pain management

a. Monitor pain and depression, anxiety, sleep disturbance as these may all be symptoms of pain in patients with LEND.
b. Utilize a multidisciplinary team for pain management in patients with LEND. Level of Evidence = B
c. Consider pharmacological interventions which may improve quality of life in patients with LEND. Level of Evidence = B

16. Exercise
a. Institute a regular exercise program adapted to the presence of complications and conducted with caution due to insensate

lower extremities. Level of Evidence = B
17. Surgery

a. Refer patients as appropriate for surgical assessment when goals are to achieve limb salvage, prevent re-ulceration,
revascularize ischemic lower extremities, and promote optimal functionality of the lower extremity.

C. Prevention and Education
Identify patients at risk for foot ulceration.

1. Perform a neuropathic foot screen. Level of Evidence = C
2. Initiate the lower extremity amputation program model (LEAP) (see Appendix C in the original guideline document). Level of

Evidence = B
3. Educate patients and caregivers, focusing on daily self-care measures, early recognition and reporting of potential foot problems
4. Ensure regular surveillance by a health care provider and prompt follow up of reported foot problems.
5. Instruct the patient on the necessity of appropriate individual foot wear. Level of Evidence = C
6. Refer for evaluation of complications: cellulitis, osteomyelitis, atypical ulcers, and new onset of Charcot foot.

D. Consider Adjunctive Treatments
1. Consider hyperbaric oxygen treatments for patients with LEND and nonhealing wounds. Level of Evidence = B
2. Consider use of negative pressure wound therapy which may increase complete wound closure compared to standard wound

dressings and is associated with lower risk of secondary infections. Level of Evidence = C
3. Manage diabetes by maintenance of normal blood glucose levels. Level of Evidence = A
4. Refer patients who smoke and have loss of protective sensation to foot care specialists, and include smoking cessation education and

counseling. Level of Evidence = B

Definitions:

Level-of-Evidence Rating

Level I: A randomized controlled trial (RCT) that demonstrates a statistically significant difference in at least one important outcome defined by p
<0.05

Level II: A RCT that does not meet Level I criteria

Level III: A nonrandomized trial with contemporaneous controls selected by some systematic method. A control may have been selected because
of its perceived suitability as a treatment option for individual patients

Level IV: A before-and-after study or a case series of at least 10 patients using historical controls or controls drawn from other studies

Level V: A case series of at least 10 patients with no controls



Level VI: A case report of fewer than 10 patients

Level-of-Evidence Rating for Recommendations

Level A: Two or more supporting RCTs of at least 10 humans with neuropathic disease with ulcers (at Levels I or II), a meta-analysis of RCTs, or
Cochrane systematic review of RCTs

Level B: One or more supporting controlled trials of at least 10 humans with lower-extremity neuropathic disease (LEND) with ulcers or two or
more supporting, non-randomized trials of at least 10 humans with LEND and ulcers (at Level III)

Level C: Two supporting case series of at least 10 humans with LEND with ulcers or expert opinion

Clinical Algorithm(s)
A clinical algorithm to determine wound etiology is provided in Appendix A of the original guideline document.

Scope

Disease/Condition(s)
Lower-extremity neuropathic disease (LEND)
Peripheral neuropathy
Diabetic neuropathy
Lower-extremity wounds and ulcers

Guideline Category
Counseling

Diagnosis

Evaluation

Management

Prevention

Screening

Treatment

Clinical Specialty
Dermatology

Endocrinology

Family Practice

Internal Medicine

Neurology

Nursing

Physical Medicine and Rehabilitation



Podiatry

Intended Users
Advanced Practice Nurses

Allied Health Personnel

Dietitians

Health Care Providers

Nurses

Physical Therapists

Physician Assistants

Physicians

Podiatrists

Guideline Objective(s)
To support clinical practice by providing consistent, research-based information with the goal of improved cost-effective patient outcomes as well
as to stimulate increased wound research

Target Population
Patients with lower-extremity neuropathic disease (LEND) with or at risk for wounds

Interventions and Practices Considered
Diagnosis/Evaluation/Risk Assessment/Screening

1. Assessment of causative and contributive factors and significant signs and symptoms to differentiate types of lower-extremity ulcers
2. Review of health history for risk factors for lower extremity neuropathic disease (LEND) (wound history, pain history, pharmacologic

history of prescribed and self-prescribed medications)
3. Review of pertinent labs (blood glucose, hemoglobin A-1 C [HbA1c], renal function, C-reactive protein and erythrocyte sedimentation,

CD4 count and human immunodeficiency virus [HIV] viral load, vitamin B12 and D, thyroid stimulating hormone [TSH], and T4) to identify
risk markers for LEND

4. Comprehensive neurological exam of lower extremities
5. Annual foot examination
6. Examination of skin and toenails (evidence of callus formation, fissures, edema, inflammation, ulcers)
7. Assessment of vascular status of the lower extremity using ankle brachial index (ABI) or toe brachial index (TBI)
8. Assessment of tissue perfusion with transcutaneous oxygen measurement (TcPO2)
9. Testing for loss of protective sensation (LOPS) (10-g, Semmes-Weinstein monofilament and vibrational testing)

10. Assessment of musculoskeletal/biomechanical status
11. Assessment of patient's shoes

Treatment/Management/Prevention

1. Care guided by a clinical wound expert
2. Wound management
3. Debridement methods (use of hydrogels)
4. Offloading



5. Topical treatment (selection of dressings)
6. Use of systemic antibiotics in patients with deep tissue infections and cellulitis
7. Referral for further examination when osteomyelitis is suspected
8. Treatment of fungal infections (e.g., miconazole powder)
9. Topical antiseptics and antimicrobials

10. Targeted nutritional therapy to achieve a hemoglobin A1c level of less than 7%
11. Use of α-lipoic acid and vitamin B12
12. Monitoring vitamin D levels
13. Pain management
14. Exercise programs
15. Referral for surgery
16. Regular neuropathic foot screening and surveillance
17. Patient education
18. Initiating the lower extremity amputation program model (LEAP)
19. Evaluation for complications
20. Adjunctive treatments (hyperbaric oxygen, negative pressure wound therapy)
21. Management of diabetes by maintenance of normal blood glucose levels
22. Referral to foot care specialists
23. Smoking cessation education and counseling

Major Outcomes Considered
Risk factors associated with lower extremity neuropathic disease (LEND) with foot ulcers
Sensitivity and specificity of diagnostic assessments and classification schemes
Wound healing rates
Complication risks
Signs and symptoms of lower-extremity neuropathic disease (LEND)
Recurrence rates and risks
Improvement in function and quality of life

Methodology

Methods Used to Collect/Select the Evidence
Hand-searches of Published Literature (Secondary Sources)

Searches of Electronic Databases

Description of Methods Used to Collect/Select the Evidence
The primary authors of this guideline independently conducted a literature search of Medline and Cochrane Library databases to identify studies
and systematic reviews published in English from 2003 to 2012. The following medical subject headings (MeSH) were used to search for each
specific question related to lower-extremity neuropathic disease (LEND)—lower-extremity wounds and peripheral neuropathy, peripheral
neuropathy, neuropathic disease, neuropathic wounds, and diabetic neuropathy. The search targeted meta-analyses, randomized controlled trials
(RCTs), prospective clinical trials, retrospective studies, and systematic reviews. Bibliographies of selected articles also were reviewed.

Number of Source Documents
A total of 398 articles were identified and reviewed for this guideline.



Methods Used to Assess the Quality and Strength of the Evidence
Weighting According to a Rating Scheme (Scheme Given)

Rating Scheme for the Strength of the Evidence
Level-of-Evidence Rating

Level I: A randomized controlled trial (RCT) that demonstrates a statistically significant difference in at least one important outcome defined by p
<0.05

Level II: A RCT that does not meet Level I criteria

Level III: A nonrandomized trial with contemporaneous controls selected by some systematic method. A control may have been selected because
of its perceived suitability as a treatment option for individual patients

Level IV: A before-and-after study or a case series of at least 10 patients using historical controls or controls drawn from other studies

Level V: A case series of at least 10 patients with no controls

Level VI: A case report of fewer than 10 patients

Methods Used to Analyze the Evidence
Review of Published Meta-Analyses

Systematic Review

Description of the Methods Used to Analyze the Evidence
Two primary reviewers read and summarized selected articles. Each article was assigned a level-of-evidence rating using the criteria listed in the
"Rating Scheme for the Strength of the Evidence" field.

Methods Used to Formulate the Recommendations
Expert Consensus

Description of Methods Used to Formulate the Recommendations
The Wound, Ostomy, and Continence Nurses Society (WOCN) developed this evidence-based guideline using the following process. A panel of
WOCN members, representing a wide range of experience and clinical practice backgrounds, convened to plan the guideline format. A topical
outline was designed, and specific questions were proposed to provide focus for the evidence search. The review included studies reporting
primary data relevant to lower-extremity neuropathic disease (LEND) and specific therapies or diagnostic modalities. The panel developed 15
questions to guide the evidence-based literature review (see the original guideline document).

Summaries of the studies were presented to all task force members for review, discussion, and clarification. After a series of conference calls and
meetings conducted in 2009 through October 2011, the guideline was finalized incorporating evidence from the studies. Studies supporting the
guideline are cited in the text and listed in the references. A level-of evidence rating has been assigned to specific recommendations based on the
rating system used by the Agency for Health Care Policy and Research (AHCPR, now known as Agency for Healthcare Research and Quality) in
the development of the AHCPR clinical practice guidelines for prevention and treatment of pressure ulcers published in 1992 and 1994 (see the
"Rating Scheme for the Strength of the Recommendations" field). Where specific level-of-evidence ratings are not included, the information
represents the consensus opinion of panel members.



Rating Scheme for the Strength of the Recommendations
Level-of-Evidence Rating for Recommendations

Level A: Two or more supporting randomized controlled trials (RCTs) of at least 10 humans with neuropathic disease with ulcers (at Levels I or
II), a meta-analysis of RCTs, or Cochrane systematic review of RCTs

Level B: One or more supporting controlled trials of at least 10 humans with lower-extremity neuropathic disease (LEND) with ulcers or two or
more supporting, non-randomized trials of at least 10 humans with LEND and ulcers (at Level III)

Level C: Two supporting case series of at least 10 humans with LEND with ulcers or expert opinion

Cost Analysis
Published cost analyses were reviewed.

Method of Guideline Validation
Peer Review

Description of Method of Guideline Validation
Not stated

Evidence Supporting the Recommendations

Type of Evidence Supporting the Recommendations
The type of evidence supporting the recommendations is identified and graded for selected recommendations (see the "Major Recommendations"
field).

Where specific level of evidence ratings are not included, the information represents a consensus of panel members.

Benefits/Harms of Implementing the Guideline Recommendations

Potential Benefits
Identification of patients with peripheral neuropathy who are at risk for developing wounds
Identification of patients whose current wounds are caused or complicated by peripheral neuropathy
Implementation of appropriate strategies and plans to:

Attain/maintain intact skin
Manage pain and sensory issues
Identify/manage complications promptly
Optimize potential for wound healing
Promote limb preservation
Involve patient and caregiver in self-management

Potential Harms
Potential disadvantages of using topical antimicrobial therapy include systemic absorption, local hypersensitivity, difficulty in accurately



dosing creams and ointments, and the product may become contaminated during recurrent use of multidose container.
The subsequent natural history for the patient with a high-level amputation is poor: various studies have reported a 5-year mortality rate of
40% to 70%. This can be partly attributed to changes in the patient's lifestyle, which becomes more sedentary and restricted, adversely
affecting overall health.
Adverse effects of gabapentin (Neurontin) include dizziness, somnolence, edema and gait disturbance.
Exercise must be conducted with caution due to the insensate lower extremities. Patients should have medical clearance before beginning an
exercise program.
Adverse effects of other pharmacological treatments. See Appendix B in the original guideline document for side effects of suggested
pharmacological therapies.

Contraindications

Contraindications
Contraindications for Total Contact Casting (TCC)

Patients with documented lower-extremity arterial disease (LEAD)
Patients with an active wound infection or a sinus tract with deep extension into the foot which requires daily wound access for topical
wound management
Patients with unstable gait
Patients with cast claustrophobia or previously known non-adherence to treatment plan
Patients with fluctuating leg edema or active skin disease
Inadequately trained clinical staff
Restless leg syndrome or conditions which cause leg tremors

Becaplermin gel should not be used in patients with cancers at the site of application.

Implementation of the Guideline

Description of Implementation Strategy
An implementation strategy was not provided.

Implementation Tools
Clinical Algorithm

Mobile Device Resources

Staff Training/Competency Material

Institute of Medicine (IOM) National Healthcare Quality Report
Categories

IOM Care Need
Getting Better

For information about availability, see the Availability of Companion Documents and Patient Resources fields below.



Living with Illness

Staying Healthy

IOM Domain
Effectiveness

Patient-centeredness

Identifying Information and Availability
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